The dosimetry reaction of 93Nb(n, n')93mNb is characterized by the low threshold energy less than 0.1 MeV and the long half-life of 13.6 yr. Several authors have applied this reaction to the determination of fast neutron fluence(1)- (6) . Not only for the conventional reactor dosimetry, this reaction has been recognized to be attractive for the D-T fusion reactor dosimetry in view of its suitable characters. Inadequacy in the reaction cross section value has, however, been pointed out through the comparison of measured reaction rate and calculations with preliminary cross section data(4). In this regard, extensive efforts have been devoted in the cross section evaluations.
The first evaluated cross section appeared in the IRDF-82 (International Reactor Dosimetry File)(7) on the basis of available experimental data before 1980(8)~ (11 In the evaluation, the data of Ryves & Kolkowski was used as one of experimental data and no normalization by that particular data was considered.
Their evaluation is higher by 40 % in the 14 MeV region than both evaluations in the IRDF-90 and the JENDL Dosimetry File. This discrepancy becomes serious when the D-T fusion neutron spectrum is concerned.
The 14 MeV neutron flux strongly influences on the result of reaction rate even though the cross section in the 14 MeV region is relatively small in comparison with that in the MeV region. The 40 % difference in the cross section may lead large discrepancies in the flux evaluation.
Hence, it has been desired to measure more accurate data to arrive at better situation for the evaluation.
The present measurement was carried out to provide experimental cross section data at 14 MeV region in the course of an on-going program for the activation cross section measurement at FNS (Fusion Neutronics Source) (23) . The intense D-T neutron source, FNS(24) at JAERI (Japan Atomic Energy Research Institute) was used for the irradiation.
In the present measurement, a special care was paid for corrections of the reaction rate in terms of contribution of low energy neutrons.
The data are compared with the comprehensive evaluations. 
Activity Measurement
After a cooling time of 3.23 yr, the activities of 93mNb were measured with a low energy photon spectrometer by counting Ka X-rays of 16.521 and 16.615 keV associated with the internal transition from the isomeric state of 93Nb at 30.4 keV. The Nb samples were placed at a distance of 30 mm from the detector.
The detector efficiency at the low energy region was calibrated with the X-rays of standard sources of 133Ba, 162Eu, 241 Am and 57Co taking account of the coincidence summing effect. Figure 2 gives the K X-ray spectrum measured with the spectrometer. Although an interference with induced Nb X-ray by g-rays of 182Ta activities which were produced from thermal neutron interaction with Ta impurity in Nb foil was reported (6) , this contribution to the Nb X-ray yield was assumed negligibly small because the cooling time after irradiation was long enough to make 182Ta. activities decayed out and the production of 182Ta via 181Ta(n ,g)_ Table 1 Summary of data used in data processing -3-reaction rate below 10 MeV contributing to the total reaction rate even though 14 MeV neutrons dominate the neutron flux spectrum at the close vicinity of the neutron source. Thus, in the determination of reaction rate of 93Nb(n, n')93mNb for 14 MeV neutrons, correction for the low energy neutron component in the incident neutron spectrum is most important. In this context, the neutron spectrum at each sample position was calculated by the Monte Carlo code MORSE-DD (28) The net reaction rate sensitive to neutrons above 10 MeV was deduced by applying the CF to measured reaction rate. The neutron flux spectra calculated by MORSE-DD were used as p(E).
In addition to the calculated neutron spectra, D-D neutrons via the 2H(d, n)3He reaction contribute to the reaction rate of the 93Nb(n, n')93mNb reaction.
The contributions of 3 and 1% for the total reaction rate were deduced from a result for measurement of fraction of D-D neutron to D-T neutron in a tritiated Ti target. The contributions were considered in the CF calculation.
The CFs were calculated with cross sections in four different evaluations. The results for CF are tabulated in Table 2 . From the table, it is apparent that CFs with IRDF-82, IRDF-90 and JENDL Dosimetry File agree closely within 2% and differ from CF with the evaluation of Odano at al. by more than 7%. This difference is governed by the systematic difference in the cross was concerned, the uncertainty in the correction factor was assumed to be smaller than 5 %. The other factor to be considered was the uncertainty in the energy spectrum calculation with MORSE-DD. The same spectrum has been used as the source neutron spectrum in the analysis of fusion blanket experiment.
It was reported that ratios between measured and calculated reaction rates for both 115In(n, n')115mIn and 27 A1(n, a)24Na at the closest position to the D-T neutron source ranged from 0.97 to 1.02 (31) . It is commonly accepted that the cross sections for both reactions have been well studied, resulting in the accurate evaluations. This fact suggests that the accuracy of the calculated neutron spectrum is assured within ±3 % for the energy regions sensitive to the reactions.
Particularly, the results for the 115 In(n, n')115mIn indicated the validity of the neutron spectrum in the energy region from 1 MeV to several MeV because of its low threshold energy close to that of 93Nb(n, n')-93m Nb reaction.
Thus, uncertainty of + 3 % was assigned in the present treatment for the CF.
The mean reaction energies of 14.5 and 14.9 MeV were determined from the spectra calculated with MORSE-DD and assumed cross section curves by taking the flux in the energy range higher than 10 MeV into consideration. The uncertainty in the energy was estimated much less than 200 keV(32).
III. RESULTS AND DISCUSSION
The cross sections at energies of 14.5 and 14.9 MeV were obtained from the reaction rates of 93Nb(n, n')93mNb and the flux determined by the monitor reactions. Table 3 gives the measured cross sections along with data derived by using correction factors based on IRDF-90 and the evaluation by Odano et al. It is clearly shown that the final result for the cross section was highly dependent on the cross sections considered as weighting functions for corrections of low energy neutron contributions.
The present data are given in Fig. 6 along with the data of Ryves (11) (11) . On the other hand, the present data are rather smaller by 10 to 15% than the evaluation by Odano et al.
The fusion reactor dosimetry requires that the dosimeters should be sensitive not only to 14 MeV neutron but also appreciably low energy neutrons.
In the location close to the first wall which faces on the plasma region, the fraction of 14 MeV-neutron to total neutron flux is about 20 to 30 %. This is because, in such a tightly closed system as fusion reactors, large component of neutrons scattered by the structural materials dominates the spectrum.
This situation was found in the measurements of reaction rates for 115In(n, n')-115 In reaction with appreciably low threshold energy of 335 keV(31) (33) . In the analysis of reaction rate for this particular case, it was pointed out that more than 50% of the total reaction rate was contributed by neutrons in the energy below 10 MeV. It implies less importance of 14 MeV neutrons for the total neutron dosimetry for fusion reactor components. This also mitigates influence of uncertainty in the cross section at the 14 MeV region. Nevertheless, the differences of more than 30% between the cross sections presently determined and the comprehensive evaluations seems to significantly impact on the determination of both 14 MeV-neutron and low energy neutron fluxes.
Thus, re-evaluation for this particular reaction is recommended by taking the present data into accounts.
As mentioned above, the 115In(n, n')115mIn reaction is expected to play a major role in the fusion dosimetry study in terms of low energy neutron flux determination.
The reaction has, however, less possibility of use in the actual application because of the low melting point of In and very short-half life. Even for the testing D-T device, such as ITER (International Thermonuclear Experimental Reactor), the dosimeter is highly requested to be applicable in terms of long enough half-life and physical stability. In this context, the 93Nb(n , n')93mNb reaction is anticipated to be one of most promising dosimeters with appreciably low threshold energy as a substitution of the 115In(n, n')115mIn reaction.
I V. SUMMARY
The present measurement provides new experimental data for 93Nb(n, n')93mNb cross sections at 14.5 and 14.9 MeV. The evaluation by Odano at al. seems to be overestimated by up to 15 %. The cross sections measured in the present work are larger by more than 30% than those in both IRDF-90 and JENDL Dosimetry File. It is highly recommended to re-evaluate the cross section in particular for the 14 MeV region by taking the present data into account. It should also be noted that there is still paucity in the experimental data in the 14 MeV energy region. Hence, additional independent experimental data with high quality are strongly requested to arrive at more suitable condition for the evaluation. Niobium neutron fluence dosimeter measure-
